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Description 

FIELD OF THE INVENTION 

This invention relates to material for use as or 
in protective fabric, and especially to fabric that 
protects against toxic chemicals. 

BACKGROUND OF THE INVENTION 

Protective materials that protect against toxic 
chemicals have commonly been comprised of lay- 
ered fabrics. Selected layers of the material are 
designed to adsorb, absorb, detoxify or react with 
noxious or toxic vapors, and thereby serve as a 
"vapor barrier". These layers are typically air per- 
meable. Other layers are designed to prevent pas- 
sage of harmful liquids, and typically are positioned 
over the vapor barrier to prevent direct contact of 
liquid with the adsorbent material. Some such "liq- 
uid barriers" are air permeable fabrics which have 
been treated with repellent finishes. Such systems 
lack in that they will allow aerosols and particulates 
to pass through, and with minimum pressure, liq- 
uids will pass. 

Other air impermeable "liquid barriers" provide 
adequate liquid protection but are water vapor- 
impermeable or have limited water vapor-perme- 
ability. This they do not "breathe", i.e. allow pas- 
sage of water vapor and thus, are uncomfortable to 
the wearer. 

A two-layer system containing a water vapor- 
permeable liquid barrier is described in WO 
83/02066. 

Given that multiple clothing layers are used to 
provide the liquid and vapor protection, this inher- 
ently induces heat stress based on the air layers 
created. It would be desirable to prepare a protec- 
tive material for clothing that permits passage of 
water vapor, such as that built up from perspiration, 
yet effectively does not allow penetration of nox- 
ious gases or liquids, all in one composite. It would 
further be desirable that the system be laundera- 
ble. 

A water vapor conducting fabric laminates that 
contains fillers which adsorb toxic chemicals is 
described in U.S. Patent 4,454,191. However, lami- 
nates such as those are limited in the amount of 
filler that can be incorporated or in that the filler 
becomes contaminated from the material in which 
it is contained; both limiting the chemical protection 
provided. 

Systems incorporating lamination of liquid and 
vapor barriers are described in European Patent 
0260841 . These systems are limited when the ad- 
sorbent system is non-launderable such as is typi- 
cally the case of non-woven, and foam based sys- 
tems, which in turn, render the composite non- 



launderable. 

Systems which utilize attachment of carbon 
spheres onto the liquid barrier surface as described 
in U.S. Patent 4,554,198 offer good chemical pro- 

5 tection but suffer in that the spheres are easily 
dislodged from the surface. Furthermore, unless 
special precaution is taken, the solid spheres tend 
to penetrate the liquid barrier layer disrupting the 
layer and destroying the barrier properties it was 

10 meant to provide. 

SUMMARY OF THE INVENTION 

This invention provides a material for use as or 

75 in fabric that is both a barrier to liquid toxic chemi- 
cals and to noxious gases. The material comprises 
a liquid impenetrable first layer (liquid barrier) and 
a second layer that prevents passage of noxious 
gases (noxious gas barrier). The second layer con- 

20 tains solid particulate that absorbs, adsorbs, detoxi- 
fies, or chemically reacts with toxic or noxious 
gases. The invention provides for the provision of a 
restraining member to prevent penetration by the 
solid particulate into the liquid impenetrable layer. 

25 In one embodiment, the restraining member will be 
a netting or a mesh positioned adjacent the liquid 
barrier layer such that the particulate in the noxious 
gas barrier layer is prevented from being forced 
into the liquid barrier layer on application of pres- 

30 sure. Forcing the particulate into the liquid barrier 
would destroy the effectiveness of the liquid bar- 
rier. 

In a specific embodiment, the material of this 
invention comprises a liquid water-resistant, prefer- 

35 ably water vapor permeable, layer having a water 
vapor-permeable adhesive on one side, and having 
at least partially embedded in said adhesive both a 
netting material and particles of particulate solid, 
said netting material constructed and arranged to 

40 protect the particulate solid from damage upon the 
application of force perpendicular to the plane of 
the material. 

By "netting" or "net" is meant a meshed ar- 
rangement of cords, fibers, filaments, threads or 

45 wire. 

By "solid particulate" hereinafter is meant a 
solid particulate that absorbs, adsorbs, detoxifies or 
chemically reacts with noxious gases. 

so BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic view of a liquid barrier 
layer 10 which is composed of liquid barrier plastic 
material and has an adhesive 11_ coated on it. The 
55 adhesive 11 has mesh strands 12 partially embed- 
ded in it and has solid particulate 13 located be- 
tween the mesh strands 12. Together, adhesive V[ 
and particulate 13 comprise the noxious gas bar- 
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rier. 

Figure 2 is a cutaway view taken along line 2-2 
of Figure 1. 

Figure 3 depicts a sample of netting used in 
Examples 1-7. There are about 12,7 ceils/per cm 2 5 
(82 cells/per inch 2 ) of hexagonal shape. The netting 
is made of polyester, has a weight of 57,64 g/m 2 
(1.7oz/yard 2 ). 

Figure 4 is a cutaway side view of the fabric of 
Examples 1 and 2. w 

Figures 5 through 9 depict cutaway side views 
of the fabric of Examples 3 through 7, respectively. 

DESCRIPTION OF THE INVENTION 

75 

In the invention described herein, there is pro- 
vided a novel material that protects against pene- 
tration by toxic or noxious chemicals. 

It is a feature of this invention that the solid 
particulate in the noxious gas barrier is substan- 20 
tially prevented from being forced into abusive 
contact with the liquid barrier layer due to inadver- 
tent or intentional application of pressure. 

Referring to Figure 1, liquid resistant, prefer- 
ably water vapor-permeable, layer 10 preferably 25 
comprises a film or membrane or coating of a 
porous or monolithic polymeric material, for exam- 
ple, porous polyethylene or porous poly- 
tetrafluoroethyiene (PTFE), or a copolyether ester 
(such as described in USP 4,493,870) or a polyure- 30 
thane. Porosity can be achieved in known manner, 
such as salt-leaching, or in the case of PTFE, by 
stretching as described in U.S. Patent 3,953,566. 
This layer 10 serves to prevent passage of liquid 
noxious materials. When the film or membrane is 35 
hydrophobic, such as porous PTFE, it provides wet 
strength and durability to the material in laundering. 
The chemical inertness of PTFE also provide a 
support structure which is not susceptable to 
chemical attack. A second monolithic layer can be 40 
employed as an outermost layer to provide addi- 
tional barrier protection and to aid in providing ease 
of decontamination. 

A water vapor-permeable adhesive layer 11^ is 
ordinarily used to provide means to adhere netting 45 
12 and the solid particulate 13. On the other hand, 
this layer can also serve as the liquid barrier, as 
described in Example 9. Preferably, the adhesive is 
100 percent solids, phase-separating, segmented, 
polyurethane prepolymer having hard and soft re- 50 
gions and being the reaction product of: 

( i) a polyol having a number average molecular 
weight of from about 600 to about 3500 and 
having a functionality of at least 2, and having 
oxyethylene units; 55 
( ii) an isocyanate having a functionality of at 
least 2; and 



(iii) a low molecular weight chain extender hav- 
ing a molecular weight in a range lower than 
about 400, and having a functionality of at least 
2, characterized in that the above reactants are 
employed in such proportions as to satisfy the 
following equations: 

Eq NC0 « 0.99 
Eq 0H + Eq CE 

EQ0H * E <?CE 

wherein Eq NC0 is the equivalents of the 
isocyanate species employed, and Eq 0H and 
Eq C E denote the equivalents, respectively, of the 
polyol and chain extender. The soft segments 
being provided by the polyol of primarily ox- 
yethylene units, and the suitable hard segments 
being provided by the reaction product of the 
isocyanate and chain extender and which induce 
phase-separation of the hard and soft segments. 
More preferred is the reaction product of: 
( i) a poly(oxyalkylene) glycol having a number 
average molecular weight of from about 400 to 
about 3500; 

( ii) a diisocyanate; and 

(iii) a low molecular weight bifunctional chain 
extender (C) having a molecular weight in a 
range lower than about 500. 

The hard segment should be a "suitable" hard 
segment, i.e. one that induces phase-separation of 
the hard and soft segments found in the 
prepolymer chain that results in domains of hard 
segments dispersed in the domains soft segments. 

The adhesive 11_ provides a means for holding 
gas adsorbing, gas absorbing or gas reactive solid 
particulate 13 in place. The particulate most com- 
monly will comprise beads of activated carbon, but 
can be polymeric material having acidic or basic 
funtionality which chemically reacts with certain 
gases. The particulate can be spherical or cubical , 
or irregularly shaped. 

The water vapor permeable adhesive provides 
a means to adhere the particulate and netting, and 
also provides a buffer between the particulate and 
the film or membrane to aid in preventing damage 
caused by local pressure. 

Partially embedded in the adhesive Iii is a 
mesh or a netting 12 positioned so that its ele- 
ments extend above the plane of the particles 13, 
and thus provide protection by sheltering the par- 
ticulate. The mesh or netting 12 can be made of 
any natural or synthetic polymer, such as cotton or 
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wool, or a polyester, polyamide, polyolefin, aramid, 
or polyacrylate, or blends thereof. The chemical 
make-up of the netting is not critical. The netting 
12 provides a protective structure which prevents 
dislodgement of the particulate 13 caused by abra- 
sion and also provides a means to control displace- 
ment of the particulate into the adhesive VL This in 
turn limits the potential for the particulate 13 to 
become completely embedded in adhesive 11^ and 
lose its effectiveness, and also prevents damage 
caused by localized pressure on the particulate 13. 

The cords or threads of the mesh or netting 
are usually between about .25 mm and 1 mm. 
thick, and can form hexagonal square, round, or 
any other open configuration cells. 

In the netting illustrated in Figure 3, and used 
in the examples, the netting is made of polyester. It 
had a weight of 57,64 g/m 2 (1 .7 oz/yd 2 ), a thickness 
of 0.02 inches (or 0.51 mm). It has about 12,7 
cells/cm 2 (about 82 cells per square inch). 

An outer shell fabric layer can be adjacent 
layer 10 employed adjacent layer 10 to provide 
mechanical protection for the subsequent layers of 
the laminate, but the shell is not required when the 
material is to be a liner. The outer shell fabric can 
be a woven or a knit or felt or a nonwoven fabric. 
Its make up is not critical and it may be cotton, or 
wool, or a synthetic such as a polyester, 
polyamide, aramid, polyacrylate, polyolefin, poly- 
vinyl chloride or the like or a blend of natural and 
synthetic materials. 

The laminate can be made flame-resistant by 
adding usual flame-retardant materials. The lami- 
nate can be made to dissipate static change by 
addition with usual anti-static agents. 

In one specific embodiment, the invention pro- 
vides a protective fabric comprising, in sequence, 
layers of: 

a) an outer shell fabric; 

b) a liquid water-resistant, water vapor-perme- 
able membrane; 

c) a water vapor-permeable adhesive adhered to 
the membrane, said adhesive having a netting 
on its surface on the side oppposite the mem- 
brane; 

d) gas absorbing, adsorbing or reactive beads at 
least partially embedded in said adhesive c). 

The fabric can be used in applications where it 
is desirable to protect against noxious liquids and 
gases. Thus, it can be used in garments for fire 
fighting personnel or other industrial or medical 
applications, or in shelters such as tenting or food 
protective coverings. 



EXAMPLES 

Example 1 

5 Referring to Figure 4, a laminate was first 

formed by adhering a 152,58 g/m 2 (4.5 oz/yd 2 ) 
woven Nomex Kevlar (95/5) shell fabric 40 to a 
liquid water-resistant, water vapor-permeable mem- 
brane 41_ such as a membrane of expanded porous 

70 PTFE obtained from W. L. Gore & Associates, Inc. 
which has a continuous coating 42 of a hydrophilic, 
water vapor-permeable layer (as described in USP 
4,194,041) with the coating oriented away from the 
shell fabric. 

75 Shell fabric 40 was bonded to membrane 41 
with adhesive 43 applied in a discrete pattern. 
Adhesive 43 is a polyether polyurethane as de- 
scribed in USP 4,532,316. 

A layer 44 of a continuous water vapor-per- 

20 meable adhesive was then applied to the coating 
42. A netting 45 made of polyester yarn was ad- 
hered to the layer of water vapor-permeable adhe- 
sive 44. The yarn is 0.02 inches thick (0.51mm), 
weighs 57,64 g/m 2 (1.7 oz/yd 2 ) and had an octago- 

25 nal mesh configuration with 3/32" to 5/32" open- 
ings. Spherical beads 46, of Rohm & Haas amber- 
sorb resin XEN-572, were spread over the surface 
of the netting such that the spherical beads lodged 
into the open cells of the netting 45 and adhered to 

30 the surface of the breathable adhesive 44. The 
diameter of the spheres was between 0.1 and 0.7 
mm. The particle size distribution of the spheres 
using standard sieves was: 
#25 (710 micron) -2.8% 

35 #40 (425 micron) - 36.4% 
#50 (300 micron) - 59.2% 
Fines -1.6% 

The excess beads not lodged into the open 
cells of the netting were removed from the surface. 

40 

Example 2 

This Example was carried out as Example 1, 
but a 94,94 g/m 2 (2.8 oz/yd 2 ) nylon Taslite woven 
45 fabric was substituted for the 152,58 g/m 2 (4.5 
oz/yd 2 ) Nomex Kevlar fabric 40. 

Example 3 

so Referring to Figure 5, a laminate was first 
formed by heat bonding a 50,86 g/m 2 (1.5 oz/yd 2 ) 
nylon tricot knit 50 to the membrane 41 used in 
Example 1 which has the continuous coating 42 of 
the hydrophilic, water vapor-permeable layer ori- 

55 ented towards the tricot knit layer 50. 

The continuous water vapor-permeable adhe- 
sive layer 44 of Example 1 was then applied to the 
laminate on the membrane side. The same proce- 
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dure was then followed as in Example 1 to add 
netting 45 and spherical beads 46. 

Example 4 

Referring to Figure 6, the continuous water 
vapor-permeable adhesive 44 used in Example 1 
was applied to the membrane 41 defined in Exam- 
ple 1. A netting fabric 45, the same as described 
as in Example 1, was adhered to the breathable 
adhesive 44. Spherical beads 46, defined as in 
Example 1, were spread over the surface of the 
netting such that the beads lodged into the open 
cells of the netting and adhered to the surface of 
the adhesive 44. The excess beads not lodged into 
the open cells of the netting were removed from 
the surface. 

Example 5 

Referring to Figure 7, a thin porous liquid wa- 
ter-resistant, water vapor-permeable poly- 
tetrafluoroethylene membrane 70 was impregnated 
and coated with a water vapor-permeable adhesive 
(shown by the dots 71 in 70). This membrane was 
then laminated to a membrane 41 that was the 
same as that described in Example 1. A netting 
fabric 45, the same as that described in Example 1, 
was adhered to the water vapor-permeable adhe- 
sive on the surface of the impregnated membrane 
70. The spherical beads 46 used in Example 1 
were then spread over the netting surface using the 
same procedure as in Example 1 . 

Example 6 

Referring to Figure 8, a laminate was first 
formed by adhering a 61 ,03 g/m 2 (1 .8 oz/yd 2 ) wov- 
en nylon taffeta fabric 40 to membrane 41_, as 
described in Example 1. The adhesive 43 used to 
laminate the two layers was the same as used in 
Example 1 and was applied in a discrete pattern. 

A continuous water vapor-permeable adhesive 
71 was used to impregnate and fill the pores of a 
thin porous PTFE membrane 70 all as described in 
Example 5. the resulting material was then adhered 
to the laminate on the membrane side. A netting 
fabric 45, as used and described in Example 1, 
was then adhered to the fully impregnated mem- 
brane, and spherical beads 46 were then spread 
over the netting surface using the same procedure 
as in Example 1. 

Example 7 

Referring to Figure 9, the continuous water 
vapor-permeable adhesive 71 was used to fully 
impregnate the pores of a thin porous PTFE mem- 



brane 70 as described in Example 6. The mem- 
brane was then laminated to a 94,94 g/m 2 (2.8 
oz/yd 2 ) nylon Taslite woven fabric 90. A netting 
fabric 45, the same as described in Example 1, 
5 was adhered to the fully impregnated membrane 
70. Spherical beads 46, the same as described in 
Example 1, were then spread over the netting 
surface using the same procedure as in Example 1 . 

70 Claims 

1. A material for use in fabrics which comprises a 
laminate comprising: 

(a) a liquid impenetrable layer, 

75 (b) a second layer that substantially pre- 

vents passage of noxious gases, said sec- 
ond layer having solid particulate that ab- 
sorbs, adsorbs, detoxifies, or chemically 
reacts with noxious gases, and said second 

20 layer having a netting across its surface 

positioned and constructed to protect the 
solid particulate from abrasion and disiod- 
gement. 

25 2. The material of claim 1 wherein the liquid 
impenetrable layer is a liquid water-resistent, 
water vapour-permeable membrane. 

3. The material of claim 1 wherein the second 
30 layer (b) comprises a water vapour-permeable 

polymeric adhesive, and wherein the solid par- 
ticulate and the netting of the second layer are 
partially embedded in the adhesive on the side 
away from the layer (a). 

35 

4. The material of claim 2 wherein the liquid 
water-resistant, water vapour-permeable mem- 
brane is a porous polymeric material. 

40 5. The material of claim 4 where the porous poly- 
meric material is polytetrafluoroethylene. 

6. The material of claim 3 wherein the water 
vapour-permeable polymeric adhesive is a 

45 polyurethane. 

7. The material of claims 1, 2, 3, 4, 5, or 6 
wherein the solid particulate is carbon. 

50 8. The use of the laminate according to claim 1 
or 3 in a fabric. 

Patentanspruche 

55 1. Material zur Verwendung in Stoffen, die ein 
Laminat aufweisen, umfassend: 

(a) eine flussigkeitsundurchdringliche 
Schicht, 
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2. Material! selon la revendication 1 , dans leque! 
la couche impenetrable au iiquide est une 
membrane resistante a I'eau Iiquide, permea- 
ble a la vapeur d'eau. 

5 

3. Materiau selon la revendication 1 , dans lequel 
la couche impenetrable au Iiquide (a) com- 
prend un adhesif polymere permeable a la 
vapeur d'eau, et dans lequel la matiere parti- 

70 culaire solide et le tissu filete de la seconde 
couche sont partiellement encastres dans 
I'adhesif sur le cote partant de la couche (a). 



(b) eine zweite Schicht, die im wesentlichen 
den Durchgang giftiger Gase unterbindet, 
wobei die zweite Schicht Festteilchenmateri- 
al enthalt, das Giftgase absorbiert, adsor- 
biert, entgiftet oder chemisch mit ihnen rea- 
giert, wobei die zweite Schicht uber ihrer 
Oberflache ein Geflecht aufweist, welches 
so angeordnet und aufgebaut ist, daB es 
das Festteilchenmaterial vor Abrieb und 
Schwund schutzt. 

2. Material nach Anspruch 1, bei dem die flussig- 
keitsundurchdringliche Schicht eine gegenuber 
flussigem Wasser bestandige, wasserdurchlas- 
sige Membrane ist. 

3. Material nach Anspruch 1, bei dem die zweite 
Schicht (b) einen wasserdampfdurchlassigen 
Polymer-KIebstoff aufweist, wobei das Festteil- 
chenmaterial und das Geflecht der zweiten 
Schicht teilweise in dem Klebstoff auf der der 
Schicht (a) abgewandten Seite eingebettet 
sind. 

4. Material nach Anspruch 2, bei dem die gegen- 
uber flussigem Wasser bestandige, wasser- 
dampfdurchlassige Membrane ein poroses Po- 
lymermaterial ist. 

5. Material nach Anspruch 4, bei dem das porose 
Polymermaterial Polytetrafluorethylen ist. 

6. Material nach Anspruch 3, bei dem der was- 
serdampfdurchlassige Polymerklebstoff ein Po- 
lyurethan ist 

7. Material nach Anspruch 1 , 2, 3, 4, 5 oder 6, bei 
dem das Festkorpermaterial Kohlenstoff ist. 



4. Materiau selon la revendication 2, dans lequel 
75 la membrane resistante a I'eau Iiquide, per- 
meable a la vapeur d'eau est un materiau 
polymere poreux. 

5. Materiau selon la revendication 4, dans lequel 
20 le materiau polymere poreux est le polytetra- 

fluoroethylene. 

6. Materiau selon la revendication 3, dans lequel 
I'adhesif polymere permeable a la vapeur 

25 d'eau est un polyurethane. 

7. Materiau selon les revendication 1, 2, 3, 4, 5 
ou 6 dans lequel la matiere particulate solide 
est du carbone. 

30 

8. Utilisation du stratifie selon la revendication 1 
ou 3 dans un tissu. 



35 



8. Verwendung des Laminats nach Anspruch 1 40 
oder 3 in einem Stoff. 



Revendications 



1. Materiau pour une utilisation dans des tissus 45 
qui comprend un stratifie comprenant : 

a) une couche impenetrable au Iiquide, 

b) une seconde couche qui evite pratique- 
ment le passage de gaz nocifs, ladite se- 
conde couche presentant une matiere parti- so 
culaire solide qui absorbe, adsorbe, detoxi- 

fie ou reagit chimiquement avec des gaz 
nocifs, et ladite seconde couche presentant 
un tissu filete a travers sa surface, dispose 
et construit pour proteger la matiere parti- 55 
culaire solide de I'abrasion et du deloge- 
ment 
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